Perinucleolar region was studied in lymphocytes of patients suffering from chronic B lymphocytic leukemia to provide more information on the perinucleolar-condensed chromatin -heterochromatin -during the maturation of these cells. The perinucleolar heterochromatin of lymphocytes in smear preparations was visualized using a simple, but sensitive cytochemical method for the demonstration of DNA. The perinucleolar heterochromatin was also easily visible as unstained perinucleolar regions in specimens stained for RNA. In addition, the perinucleolar heterochromatin of lymphocytes was distinct and apparent in the transmission electron microscope using conventional as well as cytochemical methods for visualization of chromatin structures. Despite the great variability, the maturation of leukemic lymphocytes was accompanied by an increased width of the perinucleolar heterochromatin shell.
It seems to be clear that the perinucleolar region represents a very special nuclear compartment that is involved in the transcription of not-ribosomal RNA species and various cell states including the malignancy [1] [2] [3] [4] . On the other hand, the knowledge of the morphology and organization of the perinucleolar DNA and chromatin is very limited [5] . The condensed perinucleolar heterochromatin is forming a discontinuous shell around the nucleolar body. It is generally known that its inner layer penetrates into the nucleolar body and forks and participates in the ribosomal RNA transcription [6] On the other hand; no adequate information exists on the size, i.e. width and organization of the condensed perinucleolar heterochromatin during the cell maturation.
The nucleated blood cells and especially leukemia lymphocytes of chronic lymphocytic leukemia represent a very convenient model for such study because they are present in the peripheral blood or bone marrow in a satisfactory number and their maturation stages including the nucleolar morphology and size are well known [7] [8] [9] . It is also generally known that mature lymphocytes are mostly in G0 or early G1 phase of the cell cycle. In addition, mature small lymphocytes with small ring-shaped nucleoli represent post-mitotic cells and mature small lymphocytes with micronucleoli and clumped condensed chromatin are in a pre-apoptotic state. In contrary, large lymphocytes with large nucleoli and a fine chromatin structure are immature and proliferating in the S phase and some of them in the pre-mitotic state. The nucleolar bodies in both immature and mature lymphocytes are easily seen in specimens stained for RNA and are surrounded by a distinct but unstained condensed heterochromatin shell. In addition, the visualization of the perinucleolar condensed chromatin -heterochromatin -in specimens stained for DNA in both light and electron microscope might provide complementary information of its morphology and organization.
The results demonstrated that the width of the perinucleolar heterochromatin shell apparently increases during the maturation of lymphocytes in both untreated and treated patients with the cytostatic therapy despite a great variability. The perinucleolar heterochromatin bodies observed by both light as well as electron microscopy apparently were a regular part of the perinucleolar chromatin region. However, the increasing size the heterochromatin bodies in the perinucleolar region was not significant similarly as the perinucleolar heterochromatin DNA condensation state.
Material and methods
Perinucleolar condensed chromatin structures (heterochromatin) were studied in immature and mature lymphocytes of the peripheral blood of patients suffering from chronic lymphocytic leukemia without any respect to the state and stage of the disease using both light and electron microscopic approach. 3 patients were untreated and 3 patients were treated with the current cytostatic therapy (Fludara, Bayer-Schering, Germany) at the time of taking samples for the quantitative light microscopic cytochemical study. The median of the lymphocytic count was about 40 (untreated patients) and 150 x 10 9 /L (treated patients) including approximately 15-20 per cent of immature cells. In addition, lymphocytes of 5 other untreated patients were studied using the electron microscopy including the DNA and RNA cytochemistry. Peripheral venous blood was originally taken for diagnostic purposes using current diagnostic procedures including the flow cytometry. The ethics committee of the Institute approved the protocols and methods used for the present study. McIlvain´s buffer to pH 5.3 after hydrolysis with 1N HCl [10, 11, see Fig. 1 ]. The unstained -negative distinct perinucleolar heterochromatin images in lymphocytes were also visualized in unfixed dry specimens stained for RNA with similarly prepared methylene blue solution at the same pH, but without any previous treatment and fixation [12, 13, see Fig. 2 ].
Micrographs were captures with a Camedia digital camera C4040 ZOOM (Olympus, Japan) placed on Jenalumar microscope (Zeiss, Germany). The double adapter on the microscope increased the magnification of captured images transferred to the computer screen. The increased contrast by image processing ( Fig. 1-5 ) facilitated easy measurements of the major axis length, i.e. largest diameter of measured structures [14, 15] using Quick Photoprogram (Olympus, Japan). Such measurements provided approximate, but useful information on the size of nucleolar or perinucleolar heterochromatin regions. The mean measurements of nucleolar bodies without as well as with the perinucleolar heterochromatin shell (see Fig. 1 , 2) and perinucleolar heterochromatin bodies in each of immature and mature lymphocytes were evaluated in all studied leukemic patients (see above). In addition, the perinucleolar heterochromatin optical density was measured in smeared lymphocytes stained for DNA after the conversion of captured blue signals to gray scale using the red channel of NIH Image Program, Scion for Windows (Scion Corp., USA). The condensed chromatin density reflecting its concentration in perinucleolar regions was expressed in arbitrary units calculated by subtracting the mean background density surrounding each measured cell from the condensed chromatin density measured in the perinucleolar region [8] .
The results of all measurements at the single cell level such as mean, standard deviation and significance were evaluated using Primer of Biostatistic Program, version 1 developed by S.A. Glantz (McGraw-Hill, Canada, 1968).
Electron microscopy ( Fig. 6-7) . For the conventional electron microscopy, peripheral blood samples were fixed in glutaraldehyde and post-fixed in osmium tetroxide (not shown). For the selective chromatin visualization, peripheral blood samples were shortly fixed in formaldehyde and digested with pepsin followed by ribonucleases to remove all RNA containing structures (Fig. 6 ). Some specimens were also shortly digested with pepsin to provide better visibility of structures containing both RNA and especially DNA containing structures (Fig. 7) . The digestion was terminated by a short treatment in ice-cold trichloracetic acid [for details see 11, 16] . Then all specimens were dehydrated in ethanol containing the decreasing concentration of uranyl acetate to prevent artificial dislocations of fine nuclear structures [16] and embedded in Epon (Serva, Germany) and Durcupan (Fluka, Switzerland) mixture prepared according to Mollenhauer [17] . In that mixture Durcupan replaced originally used Araldite. Ultrathin sections stained with uranyl acetate followed by lead citrate were examined with Philips 300 and Philips Morgagni electron microscopes (Philips, Netherland). Captured electron micrographs were processed to increase or decrease of the contrast Light microscopy ( Fig. 1-5) . Perinucleolar heterochromatin in lymphocytes was visualized in methanol fixed dry peripheral blood smears by a simple sensitive method for demonstration of DNA using methylene blue buffered with of nucleolar or perinucleolar components using Microsoft Power Point Program (Microsoft, USA)
Results
Nucleolar bodies and the perinucleolar heterochromatin shell. In specimens stained for DNA, nucleolar bodies of lymphocytes appeared as light unstained areas surrounded by a stained perinucleolar heterochromatin shell that was more distinct in mature cells (Fig. 1, 4 ). However, it should be mentioned that occasionally it was very difficult or not possible to distinguish nucleolar bodies from light and unstained interchromatin areas. It should be also added that, regardless of the specimen preparation for the light or electron microscopy, the perinucleolar heterochromatin shell and bodies were frequently connected with surrounding condensed chromatin structures in central as well peripheral nuclear regions (Fig. 3, 4, 6) .
In specimens stained for RNA, nucleolar bodies were intensely stained and were surrounded by a distinct, but unstained perinucleolar heterochromatin shell that was very distinct in mature small cells (Fig. 2, 5 ). In addition, nucleolar bodies exhibited a characteristic distribution of RNA [18] . Large nucleoli, mostly present in immature lymphocytes, were characterized by a less or more uniform distribution of RNA. Smaller nucleolar bodies in most of mature lymphocytes usually possessed RNA in the periphery forming a characteristic ring-like periphery (Fig. 2) . In pre-apoptotic or apoptotic cells characterized by a heavy chromatin condensation unstained for RNA, nucleolar bodies were associated with unstained and large perinucleolar heterochromatin (Fig. 5) .
Largest axis (largest diameter) of nucleolar bodies, perinucleolar heterochromatin shell and perinucleolar DNA image heterochromatin condensation state in immature as well as mature lymphocytes (Table 1 and 2) . In general, in immature lymphocytes, the diameter of nucleolar bodies with the surrounding perinucleolar chromatin shell was larger in specimens stained for DNA than after staining for RNA due to the different preparation procedures. In mature lymphocytes the diameter of nucleolar bodies surrounded by the perinuclelar was smaller in both specimens stained for DNA or RNA but still larger after DNA staining than in specimens stained for RNA. Similarly, the diameter of nucleolar bodies -without the perinucleolar chromatin -in immature lymphocytes was larger in specimens stained for DNA than for RNA. In mature lymphocytes the diameter of nucleolar bodies markedly decreased but still was larger after DNA than RNA staining. Thus, as it was expected, the diameter of nucleolar bodies with as well as without the perinucleolar heterochromatin shell in mature lymphocytes was significantly reduced. At this occasion it should be noted that the differences between untreated and treated patients were not significant.
The width of the perinucleolar heterochromatin shell in both immature and mature lymphocytes was larger in specimens stained for DNA than RNA. In mature lymphocytes stained for DNA the increase of the perinucleolar heterochromatin shell was not significant. However, the increase of the perinucleolar unstained heterochromatin shell in mature lymphocytes after staining for RNA was significant. At his occasion it should be noted that the only significant difference of the perinucleolar heterochromatin shell between untreated and treated patients with cytostatic therapy was noted in mature lymphocytes stained for RNA. In treated patients the width of the perinucleolar heterochromatin shell was significantly larger than in those who were untreated at the time of taking samples for the present study, The heterochromatin condensation expressed by its DNA image optical density measured at the single cell level appeared • -in arbitrary units,  -in µm, # -significant difference from immature lymphocytes using the t-test (p<0.05), Th -therapy, NoB -nucleolar body largest axis, PeriNoCh -perinucleolar heterochromatin, PeriNoChB -perinucleolar heterochromatin body Legend: * -based on at least 100 measurements in each group of cells in 3 untreated and 3 treated patients with cytostatic therapy, § -significantly different from mature lymphocytes of untreated patients using the t-test (p<0.02) For other legend see Table 1 to be increased in mature cells in both untreated and treated patients with the chemotherapy. However, the difference was not significant (Table 1) . Perinucleolar heterochromatin bodies (Table 2) . It seemed to be interesting that immature as well as mature lymphocytes possessed 1 -3 small perinucleolar heterochromatin bodies of a variable shape which were adjacent to the nucleolus and were easily seen in specimens stained for DNA. In some specimens they were apparently a regular part of the perinucleolar heterochromatin shell (Fig. 3, 4) . The image processing, i.e. the contrast increase and background bleaching indicated that perinucleolar heterochromatin bodies were characterized by a high chromatin DNA condensation similarly as the perinucleolar heterochromatin shell (Fig. 3,  4) . In patients untreated as well as treated by the cytostatic therapy. The mean diameter of these bodies was slightly larger in mature lymphocytes, but the difference was not significant in comparison with immature cells. It must be also mentioned that the small differences between the diameter of perinucleolar chromatin bodies in lymphocytes of both untreated and treated patients by the cytostatic therapy was also not statistically significant.
Perinucleolar heterochromatin bodies -if present in ultrathin sections -seen by the electron microscope appeared to be a part of the perinucleolar chromatin shell (Fig. 6 ). They were prominent especially in specimens after the partial or complete removal of the nucleolar RNA containing components (Fig. 6) . At larger magnifications all perinucleolar heterochromatin structures such as perinucleolar heterochromatin bodies or perinucleolar heterochromatin shell appeared to be composed of chromatin fibrils similar to those in the heterochromatin within the nucleolar body (Fig, 7) .
Discussion
The present study provided complementary information on the perinucleolar region during the cell maturation using leukemic lymphocytes as a convenient model. Similarly as other nucleolar components, the morphological organization of the condensed perinucleolar heterochromatin was generally related to the lymphocyte maturation. During that process accompanied by a marked decrease of the nucleolar size [7, present results] the width of the perinucleolar heterochromatin shell increased. Such observation is in harmony with the classical hematological cytology that presumed that nucleoli in maturing blood cells are replaced and masked by the "postnucleolar chromatin clumps" [19] . At present, it is already generally known that during the lymphocyte maturation nucleolar biosynthetic activities and the rRNA transcription are markedly decreased. On the other hand, the function of the perinucleolar chromatin region is less clarified although it seems to be likely that it participates in other nucleolar activities including the transcription of other RNA species than the rRNA [1, 2, 4] . Thus the enlarged width of the perinucleolar heterochromatin, i.e. perinucleolar heterochromatin enlargement might be related to the gene silencing in that nuclear region during the cell maturation. The increasing chromatin condensation and heterochromatin formation are generally considered to reflect the gene silencing at present [1, [20] [21] [22] [23] [24] , Such speculation would be also in harmony with the larger perinucleolar heterochromatin region in not-proliferating hepatocytes in comparison with proliferating malignant hepatoma cells [25] . Similarly, another electron microscopic observation on not-leukemic T lymphocytes demonstrated that perinucleolar condensed chromatin regions were apparently larger in resting than in proliferating cells stimulated with phytohemaglutinin [26] .
The presence of one or several heterochromatin bodies in the perinucleolar region in leukemic B-lymphocytes seems to be interesting. Since perinucleolar heterochromatin bodies were present in both immature and mature leukemic lymphocytes regardless of the therapy, they appeared to be regular components of the perinucleolar nuclear region in these leukemic cells. In would be very difficult to speculate about their function on the base of the present cytochemical observation and more studies and different methodical approaches are required in this direction. However, the perinucleolar region represents a special nuclear compartment that is more expressed in malignant cells and possibly is associated with a special DNA locus [2, 4, 5] . Thus, the presence of perinucleolar heterochromatin bodies in the perinucleolar region of leukemic lymphocytes is not contradictory with the present knowledge on that nuclear territory. It should be also noted that perinucleolar heterochromatin bodies seen by both light as well electron microscopy including DNA and RNA cytochemistry differed from other nuclear bodies present at the nucleolus, In contrary to other known nuclear bodies [2, 3, 20] , perinucleolar heterochromatin bodies in studied leukemic lymphocytes consisted only of DNA containing fibrils and did not contain other structural components including RNA.
